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Climate Change during Growing Season of Winter Wheat and Its
Impact on Production Potential in Xinjiang Dryland
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Abstract: To understand the climate change during the growth period of winter wheat in dryland areas
of Xinjiang and its response to production potential, monthly meteorological data from 11 weather sta-
tions from 1961 to 2020 were utilized. The Agro-Ecological Zone(AEZ) model was selected to calcu-
late the production potential of winter wheat in the dryland areas of Xinjiang. Linear propensity esti-
mation, Mann-Kenddall trend test(M-K) , and inverse-distance weighting interpolation were employed
to analyze the spatiotemporal trends and influencing factors of winter wheat production potential in
Xinjiang. The results indicated that from 1961 to 2020, the average temperature, accumulated tem-

perature(=10 ‘C), and precipitation during the growth period of winter wheat in the dryland areas of
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Xinjiang showed an increasing trend, with changing rates of 0. 41 °C « per decade, 74. 05 °C « per dec-
ade, and 9. 82 mm ¢ per decade, respectively. Sunshine duration showed a decreasing trend, with a
decrease rate of 23.32 h * per decade. Spatially, the Ili River Valley region had the highest average
temperature and precipitation during the growth period of winter wheat, while the Tacheng-Emin Ba-
sin and the eastern part of Changji Prefecture had the highest accumulated temperature(=10 C) and
sunshine duration, respectively. The average temperature and accumulated temperature(=10 C) at
each station showed a highly significant (P <{0. 01) increasing trend, with the Tacheng-Emin Basin
having the fastest average growth rate. The eastern part of Changji Prefecture had the fastest average
growth rate in precipitation and the fastest decline rate in sunshine duration. The light-temperature
production potential and climate production potential of winter wheat showed an increasing trend,
with trend rates of 74. 54 and 323. 79 kg * hm * « per decade, respectively. Spatially, the Tacheng-
Emin Basin and the Ili River Valley region had the highest light-temperature production potential and
climate production potential, respectively. Among them, the Tacheng-Emin Basin had the fastest
growth rate in light-temperature production potential, and the eastern part of Changji Prefecture had
the fastest growth rate in climate production potential, with average rates of 101. 45 and 487. 50 kg *
hm™? « per decade, respectively. The light-temperature production potential was significantly posi-
tively correlated with temperature and accumulated temperature(=10 °C), but significantly negative-
ly correlated with precipitation. The climate production potential was significantly positively correla-
ted with precipitation, but significantly negatively correlated with sunshine duration. About 80% of
the research stations showed consistent correlations with the above. In the Ili River Valley region with
abundant precipitation, temperature and accumulated temperature(=10 C) were the main factors af-
fecting winter wheat production potential. Therefore, the warming and humidifying climate in the
dryland agricultural areas of Xinjiang is conducive to improving the production potential of winter
wheat, and under this climate background, future changes in climate resources in Xinjiang will be
beneficial for increasing the yield of winter wheat in dryland areas.

Keywords: Xinjiang; Winter wheat in dryland; Climate change; Production potential
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Fig. 1 Distribution of major rained farming areas and meteorological stations in Xinjiang
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Table 1 Division of dryland winter wheat growth stages and crop response

coefficients and crop coefficients at different growth stages

PTe X X RN T/
Growth stage Y ¢ Duration(month/day)
% Fih ] — g A&
S ?éﬂ:ﬁ ﬂ‘\ ﬁJﬁl 0.2 0. 35 9/10—10/31
owing — overwintering
e g
BT — 0.4 0. 80 4/1—5/10
Regreening —jointing
00— A ] )
J oo 0.55 1.0 5/11—5/31
3 —
JEHEM — ki 0.6 0.3 6/1—7/15

Anthesis— maturity

Ky AR R G K AR R

K : Crop response coefficient; K.: Crop coefficient.



% 5 PERS N T TRy o

009 A=A 7 A B JEL X A 57 ¥ T 1 52 i « 701 -

B E AR IR, R Are GIS A9 2 IE B A &
R 58 BUB i AR R K AR W 7 K& /NE
FEVE s B AR . i2 F SPSS 19. 0 B AF o By
ANFZ HE TG 075 4% AU R A e

2 HEXRGAM

MEREMZNEZEETHIEREFEHEE

19612020 4% 17 98 52 M & /22 A2 & 1 1 °F
7905 I P ) (0 o4fE A A S 3l BT L i 60
ARSI EE Ry 4. 35 °C AW %k 0. 41 °C -

(10 a) ' 5 5 b 2 /N 22 °F 249 Uk 32 e v R A AR L 40
B FAE 1969 Fl 2020 48, 43 514 1. 34 A1 6. 38
C (Kl 2a), W& [E) 43 A FRAE L B 60 52 Hh 44 /N A2
A= B T 23 R A A 3 A R AL A b X > 1
A = B AR R B AR AR 1. 8~
7.4 °C  dmcrey {E R R AR AH 43 0 A6 T B AL ) 4 i IXC
B A IR (K 3a1) . MEEHL/INEE A B W1 2R
T AT 1) 8 75 Ak B4 1) 25 ) 43 A0 R R 45 0l s T 1
T X S A ) 2 B # (P <<0. 01), Hor gk
A M A 0 U AR R X TS M AR R

2.1

—e— SjB Temperature

=== 28k Liner —=— [#7K B Precipitation
9}
E
]
-3
o
[T
5
=
fﬁ 2 y=0.041 2x-77.754
1 R’=0.4678
0
1960 1970 1980 1990 2000 2010 2020
EEHy Year
450 .
400 }
g
g 350
a
2 300 .
g b
250
2 200
&
i 150 $=0.9819x—1 684
% 100 R=0.1082
&
50}
0

1960 1970 1980 1990 2000 2010 2020
EH4 Year

A 2
Fig. 2

FUE Accumulated temperature/C

Tk 34 R e 18 (B 3bD)

Wi FsF i) (7% 4 2F O e R b & /N AE B W =10
CHRURBEAR 28 I T 60 4 ¥1{H N
1982.92 °C, LA 74.05 °C » (10 a) ' [R5 140 5
T e FUER I AE 43 000 HH BRAE 1993 1 2020 4, {E 4y
Bk 2 438.06 1 1 648. 42 °C (& 2b), 25 [A] 434
R AR DL A A Y Y e, B N AR IRz O
BRI 38 B AT o e e R o AT AL 0 ) 2 T
TP AL IR 23 b IXC (% 56 A A JR R 5 (J&] 3a2) . 53l
MANEAET M =10 CBUR 2 W3 1m0 #
F(P<C0. 01), =10 °C B M 1) R 48 1L 35 Fl N
48.6~87.7 °C » (10 a) ', B& %0 %5 H A1 G AL ] &5
b DX A5 3l R R 22 AN KL TR 72.4~87.7 °C -
(10 a) " X[ Bl , 1 B AR 0 1 I 58 2 0]
MG (L 3b2)

KNG B WK R g TR R A, H
2R A 9. 82 mm + (10 a) ' (& 2¢), T 60 4EH
SRR AN K B 270, 97 mm, 2016 4F
WK%, 3k 403. 21 mm, WK 5D 1) 1974
L 111,96 % ., Hrim S b & /NE A F WK &

—a— =10 CTHIR Accumulated temperature =10 °C

—e— H A Sunshine hours
2500 b

2300
2100

1900

y=7.404 5x-12759
R=0.4508

1700

1500 - - - - - :
1960 1970 1980 1990 2000 2010 2020
Y
2500, 4 4 Year
2400

[
o
(=]
(=]

[ %]
[ ]
(=
(=4

[\
—
(=3
(=]

y=-2.3315x+6914
R=0.207 4

2 2000}

A BT % Sunshine duration /h

1900
1960 1970 1980 1990 2000 2010 2020
4 Year

1961—2020 EHBEMZ/NZAEBFTHEHNSRIER (a) . =10 CHIR (b) FEKE ()T BRI H(d) N EFRTUIHE

Characteristics of annual changes in mean air temperature(a), accumulated temperature(=10 C ) (b), precipitation

(¢) and sunshine hours(d) during the reproductive period of winter wheat in drylands of Xinjiang from 1961 to 2020



< 702 ¢ EE (A 845 &

SP-HJ¥R B Mean temperature/°C S N | Z5fk#a# Trend/[C « (10 a)] N
w7 Hight:7.37 i 4\ A wm & Hight:0.55 J/S ; \\ A
1 Low:0.25 C M

48° N S Low:1.82 f 20

46°N
44° N} $5
T
?_Ww il @ B3 No significance
42° N7 0 90 180km 180 km @ P<0.05
al bl . ®p<0.01 )
=10 CHE Accumulated tem]eeratgre(> 10 Cy/C N I%ﬁ@ Trend/[°C 10 a) M N
& Hight:2 503.27 - m & Hight:87.72 v . A
48°N| SfEYow:122626 (-~ Tv\i\ L& Low:48.57 2.
46° N} y .ML\Yumm ,;)//> \ )
44° N}
@ 2.3 No significance
42°N r 0 90 180 km @P<0.05
b2 ® P<0.01
W7k B Precipitation/mm o~ AL Trend/[mm - (10 a)_l]( 2, N
= 5 Hight:438.58 —~ w5 Hight:18.20 , PN A
48°N| “fELow:139.40 [ & Low:0.50 (. e

/,._.._:_) \E
46°N| p
TTL L e
7 7 -3
44°N| - : m,: !
Y OMQ o o
= H%ilhuusub "
pee oy : @ 183 No significance
42°NT 0 90 180 km 0 90 180 km ®P<0.05
p,3 Liteliyd ) ) b3 ) ) . ®p<0.01
B]‘ﬁ Su_nshme hours/h o~y N |ZE{b#3 Trend/[h - (102)™] ) N
w5 Hight:2 444.15 .~ 2, A m % Hight:39.64 et e A
48N MfELow:12193.00 (- | e fELow-62.48 (1 1 e
). _____ Tl P R =
46° N+ /‘4’61\“ umin / 2 \ } L SYumiin e 4
i‘ i ¥ - ) . ¢ o ! i -
44°N
@ &3 No significance
42°Ny 0 90 180km I 0 90 180km ®P<005

;14 ‘ ) Liiclivi) ) ) ]34 ) ) . ®P<0.01 ‘
80°E 82°E 84°E 86°E 88°E  90°E 92°E 80°E 82°E 84°E 86°E 88°E 90°E  92°E
B 31961—2020 £FHEBEEMZNZAEFTHEHNEREE .10 CREBKEMERHE () RETUBER(D)WEEASH

Fig.3 Spatial distribution of mean temperature, accumulated temperature(==>10 C ), precipitation, and sunshine hours(a)

and their trends(b) during the reproductive period of winter wheat in dryland of Xinjiang from 1961 to 2020

25 B oA 25 S W0, AR AR Ol 139. 4 ~438. 6 A%, 7. 84 mm » (10 a) ' Ho @ i vg F
mm , KRR X A > B NAR UR R T R K Y (B X, O 3 i R Tk #
L RSl P i N R S = = =R (] 16.55 mm « (10 a) ", i B 75 [ 7K 189 3 f 12 L AW

57 M AR I 3 R B IR AT & Ry B K AR X DL 10 4F 0. 50 mm (193880, 8 X A& N2
(18 3a3) . MAFE/K i3 1) A8 45 (8] 20 A (8] 3b3) ok EFMARKE M-K B3R5, i S b K & 5 fl
B BN AR 07 B R K R A s, O 111 Je I B K R S A B B R (P <0, 01) , %%
mm (10 a) ', H R B T) 45 4 X, 15 400 46 AR M R IR 2 3 b (P <<0. 05),



ey

3
[

M I T

B M A /N A T ) A AR A R H A D B4 T .+ 703 -

oAb sl B R K B BRSO B35 (P=>>0. 05),
1961—2020 4E M S A& /NEZ A F I H IR
BHBCAE R 2 271, 96 b, I 52 % Bl B4 2 9 34, A
i Ry —23. 32 h » (10 a) ', A e (E H BLAE
1974 4,3k 2 417. 52 h B AR 1 BLAE 2017 48 4L
2 020,63 h(E 2d), 25 8] L3 K LLE M R
F B F- 34 H R s B e, YR A B 2 b A A
R[4 M X Forf B N AR B R 22 H R 500 = - 36
2 444 h, TR AE XA T4 AL 23 b DX IR O L 4 5
$ 0 B 00 A b ) AR, ST 4 H BB B 2 196 h
(I 3a4) . D ALIA) 23 ML XA 397 50 R 35 %50 430 i (0 4%
ROAC/INZE A 01 H R R0 ) 238 3% 30y 3189 00 14
P R AR B i (P <<0. 01) , Hi A
Sl AU ) 3 389 28 B O U/ B B DB O AR
(8T 5 R0 AR B R T B i R At (1] 3b4)
2.2 SETUNFEEMZSNEEFTBANED
19612020 43 i 52 i & /N 22 06 I Ak 7=
77 Bt ] 0 4 E 22 0k Bl b TR B 7 i R
g 74.54 kg« hm 2 « (10 a) ' 0GR A =W Tk
60 I (E H 8 558. 60 kg « hm ™%, e K ./ IME 4
S EAE 2012 4EF1 1988 4F, 235 9 061, 84 FlI
8 011.35 kg « hm * ([ 4a), 250 L& /NEGIR
AR A ALTE B 6 953~9 404 kg ¢ hm ™ ?
(|8 5al), %M:%%fmi@i’i%ﬁﬁ{i@>E'l”d'l‘léﬁ\%lb
AL 2% M X i v (i A A ARG AEL X 43 A A O ALY
A5 10X, 53 51 hy % A A IR R O M%/J\ﬂ%a‘mﬂ%
Az 7 v AW ) 2R 23 (8] 3 A (B SbD) & R B 7 M
ZR AR T AR AR O T A 7V A 2 R B (e, OF
BB E R BN (P <<0. 01, Ho 4y ub SO IR

—— A/PNFOREFEH
Light-temperature production potential
of winter wheat

a2 essess 1961-20204F &/ N R GIRA 1B )
9500 Average light-temperature production
potential of winter wheat from 1962 to 2020
———= 2 Linear
9000

SeBA = H
L-T productivity potential/
(kg - hm™)
o0
W
(=1
S

8 000
y=7.453 Tx-6281.8
R*=0.2655
7500 . . . . .
1960 1970 1980 1990 2000 2010
4} Year

4 1961—2020 F£HE

2020

A 7V 7 A0 ) 8 X ik A, DU AL 45 b IX
14 R 5 6 TR A 7= 0 0 b TR R AR P, O 181, 76
kg« hm™ « (10 a) ", 10 AP AL 9] 45 1l DX %) 52 A A
IR E T MR EB 0 75 6 00 R A 7 v ) 3 R g
Sr5h 6.36 F17.78 kg e hm * « (10 a '), M-
K 035 B3 56 45 R R W] BREEAT A /K A1 &
KEBENE R AT LA AR AR E (P>
0. 05) &b, HoAth v 5 35 2 B 3% (P <<0. 05) sl il i 3%
(P<C0.01) LFh#a#A,

SR TRV ) 506 AR T T AR Ak R R
TR —3 (& Ab) L Bifi i [8] 228 1k 14 52 i 3l B a3
A m R R 323.79 kg « hm™% « (10 a) ', K
oAz 7= ¥ 13 60 AR HIME A 5 916, 60 kg o
hm ™, fe/IMA AR KB 53 BITE 1974 4F (3 461. 05
kg « hm ?)fl 2016 4=(8 205.69 kg « hm ?), Hr
S5 A /N A2 AU A 7 U T s ] 43 AT E R AR R
J93002~9 184 kg « hm ?, 84 i, 2Rk
W FE M, 4 N2 SR A T2 05 1 ik Y 2 IR AL
{q/ﬁ\ﬂﬂliﬂima;ﬁ\{)\j‘?ix%ﬁﬁi&}ﬂaim?ﬁ%ﬁv\
R AT A R A1 B AL T 2 b X Al A O K
e Az 7= W 1 (L X, SE Yk B 8 193 kg o
hm™?, B MM AR F 35 RgER A & 4 FR A
PR RAE X, SE 3k 3 032 kg + hm 2, M i)
a3 [ 43 A1 (K 5b2) F , B A0 9 5 M /s 22 S
A 7R A v 38 88 2 B L R 6 e, BLAS [
XA Pk oy b 25 S 0 G, R R B B A M
= B IR DX > A AL R B O R R K 2

UM U ) B e, O 648. 2 kg e hm 7 e
(10 a) ', AP AL TR 2 X100 37 150 L e e 1, A< qe
—a— RNERET T
Climatic production potential
of winter wheat

enenss 1961 -20206E & /NE WS G4 =0 F

Average climatic production potential of
winter wheat from 1962 to 2020

100007

8 000 | m——— %‘l’_"t Linear
R S
fr S
iq < 6000}
b &”
ra~

4 000f $=32.379x-58 550

R=0.2728

Climate productivity potential/ <

2000
1960

1980 1990 2000 2010 2020
£y Year

1970

BEMENEXRBREFTEN () MSEETEN(D)HETLER
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